CHLORINATED PARAFFINS INDUSTRY

AVAILABLE INFORMATION DOES NOT SUPPORT A CONCLUSION OF SIGNIFICANT ADVERSE EFFECTS FROM LONG-RANGE TRANSPORT

The following overview is provided to assist UNEP assess the likelihood that short-chain chlorinated paraffins (SCCPs) may present a significant adverse effect from long-range transport.

Daphnia - Significant Adverse Effects Are Unlikely to Occur From Long-Range Transport 

The UNEP SCCP Profile correctly notes that SCCPs are of low acute toxicity to fish, with 48 and 96-hour LC50 values in excess of the water solubility of the substance.  Studies have, however, suggested that SCCPs are of high toxicity to some invertebrates.  While there are technical issues about the suitability of daphnia testing of short-chain chlorinated paraffins due to recognized complications surrounding the testing of low water solubility materials, nonetheless daphnia are considered to be the most sensitive organism to SCCP exposure.  For this reason, the following section provides an overview of available effects information for daphnia in contrast with information on the presence of SCCPs in surface water. 

Twenty-four hour EC50s for daphnids range from 0.3 to 11.1 mg/l with acute no observed effect concentrations ranging from 0.06 to 2 mg/l.  In 21-day tests, EC50s ranged from 0.101 to 0.228 mg/l; NOECs ranged from 0.005 to 0.05 mg/l.

Environmental risk values have been calculated by various agencies.  The European Union (EU) put forth a very conservative PNEC of 0.5 μg/l for surface water based on the NOEC of 5 ug/L from the 21-day chronic for Daphnia magna (Thompson and Madeley, 1983a).  The EU applied a 10-fold safety factor, providing a high degree of conservatism.

Environment Canada relied on the same study but instead of using the NOEC, they relied on the LOEC of 8.9 μg/L, which was assigned as the Critical Toxicity Value (CTV).  To derive their ENEV, Environment Canada proposed a 10-fold safety factor to account for extrapolation from laboratory to field conditions and inter- and intraspecies variability.  In a further over abundance of conservatism, they also recommended an additional 10-fold safety factor because SCCP has been shown to be persistent and bioaccumulative.  The proposed ENEV was therefore 0.089 ug/l.  It is relevant to note that the chlorinated paraffins industry does not endorse the application of an additional 10-fold safety factor to account for the persistence and bioaccumulative properties as those properties would already be accounted for when considering actual environmental concentration.  
Presence in Aquatic Environment

There is little if any evidence that SCCPs are found in the environment at levels of concern.  It is curious to note that the UNEP proposal for SCCPs (UNEP/POPS/POPRC.2/14) does not discuss measured surface water contamination of SCCPs.  The lack of measured surface water samples for SCCPs is not surprising given that the majority of monitoring studies in industrialized regions have similarly failed to measure SCCPs.
For example, an in-depth study of the levels of short- and medium-chain chlorinated paraffins was conducted in industrial areas of the United Kingdom (CEFAS, 1999 as discussed by Nicholls, 2001).  The main purpose of the study was to determine the concentrations of chlorinated paraffins in surface water, sediment, biota and soil associated with their industrial use.  The sampling sites chosen were in proximity to known sources/users of SCCP and MCCPs.  In this study, no SCCPs or MCCPs were measured down to a detection limit of 0.1 ug/l “except in some samples from a site near to engineering (metal working) activity.”  This includes measurements that were made at the height of the use of SCCPs in Europe. 

Muir et al., 2000 conducted surface water measurements of SCCPs in Lake Ontario in July 1999 and October 2000.  The highest measurement reported was 1.8 ng/l, which is three orders of magnitude lower than the NOEC reported of 5.0 ug/l.  This measured value is considered to be much greater than would be expected in remote regions.  According to Environment Canada, this reported measurement “probably resulted from sewage treatment plant sources from large urbanized areas, such as Toronto and Hamilton.” 
The attached table and figure, which summarizes Muir’s Lake Ontario study (extracted from the December 2004 Environmental Canada Follow-up report on Chlorinated Paraffins), reveals a number of observations that are worth noting:

1.  While there are limited trend data available on measured value of SCCPs in the environment, what is available shows a declining trend.  From the Muir et al. study, 1.8 ng/l was the highest value reported from the July 1999 samples while the corresponding value from October 2000 was 774 pg/l -- 50% of the value found a year earlier.  This reduced value provides further evidence that SCCPs are not building up in the environment and in fact their environmental concentrations may be decreasing.

2.  Measurement of PCBs from the same location and the same time points revealed essentially the same concentration - 620 pg/l and 730 pg/L - reinforcing that SCCPs are not behaving in a similar fashion to PCBs.

3.  The highest value observed was in very close proximity to the wastewater treatment plants of the industrialized cities of Hamilton and Toronto and much lower concentrations were observed in other portions of the Lake.

The only surface water sample reported to have a higher measured value is from Tomy (1997; as reported in Tomy, 1998) which found C10-13 chlorinated paraffins to be present in the Red River, downstream of Winnipeg in Canada, at levels of around 0.02-0.05 ug/l.  As noted in the 2004 Environment Canada Follow-up report, “Tomy et al. (1999) attributed the SCCPs in the water to a local source, possibly a metal machining/recycling plant in the town of Selkirk.”  It is relevant to note that while the measured value from the Red River is reported in the draft UNECE dossier on SCCPs, the recognition that this is likely from a local source is not noted in the report; in fact the dossier is written so as to suggest that this measurement might be representative of a measured value in a remote region. 

For these reasons, care should be utilized in assessing measured environmental values.

Sediment - Available Information on Sediment Does Not Support a Conclusion of Significant Adverse Effects as a Result of Long-Range Transport

Given the low water solubility of SCCPs, it is prudent to consider their potential to cause toxicity to sediment dwelling organisms. 

The UNEP Profiles makes reference to some measurements in sediment, although no concentration data are presented.  Specifically, the document refers to sediment measurements from several studies including Tomy et al. (1997 and 1999), which reported SCCPs in surface sediments from the Canadian mid-latitude and Arctic regions; reference is also made to Stern, 2003, as reported in Filyk, 2003.  The information is primarily presented to support the proposition that SCCPs are capable of long-range transport and persistence, rather than to suggest that levels of SCCPs in sediment present an adverse effect to sediment dwelling organisms.

It is therefore prudent to evaluate these sediment values in relation to levels that have been projected to cause adverse effects to sediment dwelling organisms in order to determine whether SCCPs have the potential to cause significant adverse effects from long-range transport.

Effect Levels for Sediment-Dwelling Organisms

Environment Canada’s 2004 Follow-up report specifies a CTV for benthic organisms of 35.5 mg/kg dry wt. (35,511 ng/g), which is the LOEC calculated using an equilibrium partitioning approach based on the Daphnia LOEC.  To derive the ENEV, Environment Canada applied a 10-fold safety factor to account for extrapolation from laboratory to field conditions and inter- and intraspecies variability.  As with their other proposed ENEV values, an additional application factor of 10 is proposed because SCCPs are considered to be persistent and bioaccumulative.  

As already noted, it is industry’s view that there is no basis to apply a 10-fold safety factor to derive an ENEV when the intent is to assess actual environmental measurements, since the measured environmental concentration already factors in the physical, chemical and persistent properties of the compound.  For this reason, the CP industry believes that the appropriate ENEV value to consider, using Canada’s conservative equilibrium partition coefficient method, should be 3550 ng/g (dry weight).
The EU derived a Predicted No Effect Concentration (PNEC) for sediment-dwelling organisms using the equilibrium partitioning method for aquatic organisms.  Based on this approach, they derive a PNEC for sediment of 0.88 mg/kg (wet weight).  (Note that with any comparisons made, it is important to distinguish between wet weight determinations as was developed by the EU and the dry weight calculation put forth by Canada.) 

Measured Predicted Levels of SCCPs in Sediment

There are various reported measurement values for SCCPs in sediment.  Table 8 of Filyk, 2003 describes measurements of surface sediment samples ranging from 5.9 to 290 ng/g (dry weight).  It is, however important to note that the highest concentrations found, as explicitly noted in Filyk, 2003 “were found at the most industrialized site (Windermere Basin, Hamilton Harbour), which has well-documented heavy metal, polycyclic aromatic hydrocarbon (PAH) and PCB contamination.”  

According to the Environment Canada Follow-up report, the highest reported sediment value, which was directly associated with a sewage treatment plant, just slightly exceeded their derived ENEV of 355 ng/g, which as already noted, uses the unnecessary 10-fold safety factor for persistence.  This value of 410 ng/g dry wt. was observed from Lake Ontario, Niagara basin.  Since this location is approximately 40 km from the nearest sewage treatment plant, it clearly represents an unrealistic characterization to assess possible adverse effects from long-range transport.  At the same time, if the unnecessary 10-fold safety factor is removed, it would suggest that sediment directly from a sewage treatment plant would contain SCCPs at least an order of magnitude less than the concern level. 

Limited trend data are available from which to assess whether the concentration of SCCPs in sediment has changed over time, although the data that does exist clearly shows no build-up in the environment.  The EU risk assessment makes reference to 1987 and 1994 measurements in Germany.  The highest value reported was approximately 80 ug/kg (dry weight).  The various measurements were largely taken from industrial settings.  The data presented shows a significant reduction of SCCPs from a 1987 value of 700 ug/kg to a 1994 value of 70 ug/kg; for a location upstream of a CP production plant, the change over time went from 400 ug/kg to <5 ug/kg.  
Issues Relating to the Identity of Short-Chain Chlorinated Paraffins for UNEP POP Risk Profile

The European Union nominated short-chain chlorinated paraffins (SCCPs) to be listed as a POP in the Stockholm Convention.  (UNEP/POPS/POPRC.2/INF/6).  The EU Nomination Dossier defines SCCPs as:

… n-paraffins that have a carbon chain length of between 10 and 13 carbon atoms and a degree of chlorination of more than 48% by weight.  There is a range of commercially available C10-13 chlorinated paraffins and they are usually mixtures of different carbon chain lengths and different degrees of chlorination although all have a common structure in that no secondary carbon atom carries more than one chlorine. 

Two other groups of chlorinated paraffins are made commercially.  These are known as “mid, medium or intermediate chain length” (typically C14-17) and “long chain length” (typically C20-30).  This dossier, however, concerns only the short chain length (C10-13) chlorinated paraffins. 

Among other things, the Dossier provides an IUPAC name and CAS number:

IUPAC Name: Alkanes, C10-13, chloro 

CAS Number: 85535-84-8 

At the November 2006 meeting, the POPRC reviewed the Dossier and agreed (Decision POPRC-2/8) that the nominated substance was adequately defined stating that:
 (i) Adequate information was provided in the proposal, which relates to

short-chained chlorinated paraffins (n-paraffins that have carbon

chain lengths of 10-13 carbon atoms), Chemical Abstracts Services

no. 85535-84-8.  The commercial short-chained chlorinated paraffins mixtures typically have a degree of chlorination of greater than 48 percent by weight;

While the description of the nominated substance largely conforms to the definition of SCCPs used by industry as well as other governmental authorities around the world, the following overview is intended to address any confusion over the interpretation of what is within the scope of the definition.

Chemical Identity of SCCPs

Chlorinated paraffins have been manufactured on a commercial basis for over 50 years.  The early products were based on paraffin wax feedstocks.  In the early 1960s, the petroleum industry began to employ molecular sieve technology, which made available a relatively low cost and plentiful supply of normal paraffin fractions of reasonably high purity.  This enabled chlorinated paraffin manufacturers to produce a wider range of products to meet technical and commercial requirements. 


Chlorinated paraffins are manufactured by passing pure chlorine gas into a paraffin at a temperature between 80 and 100°C.  The SCCP products produced around the globe typically contain between an average of 40% and 70% chlorination.  The percent chlorine varies based on the specific application.  Note that while the majority of SCCP products are greater than 48% chlorine by weight, there are commercial products produced that have an average chlorine content between 40% and 48%.

The CP industry believes it is critically important for purposes of the next step in the UNEP process – developing the Risk Profile – to focus the assessment on the specific substance nominated.  While information on related substances may be germane from a structure activity relationship, the goal should be to assess the Stockholm Convention POPs criteria against the nominated substance.  Based on some discussions during and after the presentation on SCCPs at POPRC-2 in Geneva, the CP industry believes there may be some misinterpretation of what constitutes SCCPs.  

In order to understand what should be considered within the scope of the SCCP nomination, it is important to recognize the distinction between SCCPs as represented by the stated definition, in contrast with the single chain length chlorinated alkanes that exist within the 10 to 13 carbon chain length range.

SCCP, represented by the stated definition and CAS number 85535-84-8, is a complex chemical substance made from a petroleum paraffin fraction comprised of the four different chain lengths chlorinated.  All SCCP products produced are manufactured from a raw material that is intended to contain alkanes with 10, 11, 12 and 13 carbons in length.  As such, all SCCPs contain all four carbon chain lengths.  While they may also contain a small fraction of alkanes with greater than 13 (e.g., 14) carbons or less than 10 (e.g., 9) carbons, those are considered impurities.  While the chain length distribution may vary slightly depending on the feedstock, the different chain-length alkane constituents within an SCCP product tend to have a similar distribution, with the predominant carbon chain lengths being 11 and 12.  

From a regulatory standpoint, SCCPs are considered to be a single complex substance with variable composition.  They are not considered to be a “mixture” of different chlorinated alkanes, as SCCPs result from a chemical reaction between the single substance paraffin and chlorine.   

There have been some suggestions that the individual chlorinated alkane compounds are themselves SCCPs and as such should be interpreted to be within the scope of the UNEP nomination.  Similarly, there are some suggestions that chemical substances whose composition are considerably broader than C10-13 (e.g., C6-C18) should also be considered to contain SCCPs.  The Chlorinated Paraffins Industry Association believes that extending the definition of SCCPs beyond the specific substance nominated is inappropriate.  While UNEP countries certainly have the prerogative to nominate additional chemicals to be reviewed under the Stockholm Convention, we believe that unless this is done, the focus of the Risk Profile should be on the nominated substance. 

Single Chain Length Chlorinated Alkanes as Well as Products with Much Broader Chain Length Distributions Should Not Be Interpreted to Be Within the Scope of the UNEP SCCP Nomination

There are numerous single chain length chlorinated alkanes in the C10, C11, C12 and C13 range.  Some of these discrete chlorinated alkanes are in fact commercial products themselves and as such are listed on various country chemical inventories.  (An example of a commercial chlorinated product that is a single chain length chlorinated alkane is 1-Chlorododecane; CAS number 112-52-7).  These single chain-length products are manufactured from different feedstocks than the commercial SCCPs as the intent is to produce a single chain length substance and not a product with a combination of different chain lengths.  The physical, chemical and biological properties of these individual chlorinated alkanes vary significantly.  While some of these individual chlorinated chain length alkanes may have similar properties to SCCPs, others have different properties. 

It is similarly inappropriate to extend the definition of SCCP to substances that have a broader chain length distribution than 10-13 carbons.  Consider the example of a chlorinated, C6-C18 product, which has its own CAS number 68920-70-7.  While CPIA is not aware of any chlorinated paraffin producer manufacturing a C6-18 chlorinated compound, such a compound should not be considered an SCCP, nor should it be considered to contain SCCPs, even as an impurity. 

The Use of Synonyms Should Be Avoided Unless They Are Specific to the Nominated Substance

The UNEP Nomination document cites several synonyms that are not specific to SCCPs; in fact several refer to compounds that are not even related to SCCPs.  The Nomination document contains the following synonyms: 
Synonyms: alkanes, chlorinated; alkanes (C10-13), chloro-(50-70%); alkanes (C10- 13), chloro-(60%); chlorinated alkanes, chlorinated paraffins; chloroalkanes; chlorocarbons; polychlorinated alkanes; paraffins chlorinated.

While SCCPs are clearly within the broader chemical family of “chlorcarbons” and “chloroalkanes,” SCCPs are just a small subset and as such these terms should not be considered synonyms.  In fact, any of the terms that do not specify chain length are not appropriate synonyms.   

The Use of CAS Numbers to Define SCCPs Is Complicated by the Different Numbers Used Around the Globe 

Chlorinated paraffins have been manufactured since before the advent of country chemical inventories.  As different countries began establishing their chemical inventories in the early 1970’s, the sophistication utilized by some of the early efforts was enhanced.  What this has meant is that for the newer inventories, more precise CAS numbers have been used to represent different products, including SCCPs, than those used in the early years. 

The specific CAS number cited in the nomination, 85535-84-8, is not used in all countries.  Of particular note, this CAS number is not on the US TSCA Inventory.  Producers of SCCPs in the US use 63449-39-8 as well as 61788-76-9.  These same CAS numbers have also been used for other CP chain length products and therefore cannot be relied on as precisely defining SCCP.

While the 85535-84-8 CAS number accurately describes SCCPs, CPIA believes that UNEP should not rely on the CAS number as the basis for the nomination.  Instead, UNEP should utilize the narrative description of SCCPs as characterizing the nomination, making clear that SCCPs are manufactured from a chlorinated paraffin that intentionally contains C10, C11, C12 and C13.
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5.4 Surface waters  
 
5.4.1 SCCPs 
 
Large-volume water samples (100 L) collected in mid-Lake Ontario in July 1999 and October 2000 
showed low levels of SCCPs (Table 31; Figure 11). In 1999, the highest dissolved SSCCP concentration 
(1.8 ng/L) was observed in the western basin and probably resulted from sewage treatment plant sources 
from large urbanized areas, such as Toronto and Hamilton. A similar gradient was observed in October 
2000; however, concentrations were lower. Notwithstanding the high dilution factor that would be involved 
in Lake Ontario, the fact that these concentrations were observed is an indication that considerable inputs 
of SCCPs are occurring.  
 
Table 31: Concentrations of SCCPs in filtered surface waters from western Lake Ontario (from Muir et al. 2000b) 
 


Concentrations (pg/L) Carbon chain group 


July 19991 October 2000 


C10 168 74 


C11 490 217 


C12 1000 441 


C13 94 42 


SSCCP 1750 774 


SPCBs  620 730 
1 Average of duplicate samples of water at site 1007 in the west basin of Lake Ontario. Collected with XAD-2 resin after 


filtration through glass fibre filters. 
 
Figure 11: SCCP concentrations in Lake Ontario surface waters, July 7–8, 1999 (from Muir et al. 2000b)* 
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* Dots under each bar indicate approximate collection location. Circles indicate relative population sizes of the indicated 
cities. 
 
SCCP concentrations of 30 ± 14 ng/L were measured in the Red River in Selkirk, Manitoba, over a 6-
month period in 1995 (Tomy 1997). Tomy et al. (1999) attributed the SCCPs in the water to a local 










